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The a n a l y t i c a l  docking s i m u l a t i o n  program, SDgCK, 
has  been run w i t h  c u r r e n t  AAP c o n f i g u r a t i o n  m a s s  d a t a .  I n  
g e n e r a l ,  p r o s p e c t s  f o r  s u c c e s s f u l  docking of t h e  p r e s e n t  AAP 
v e h i c l e s  appear farmrahle;  Reduced initiil m i s s  distazce, 
o f f s e t  a n g l e ,  l a t e r a l  v e l o c i t y  and a n g u l a r  r a t e  of t h e  chase  
v e h i c l e  (CSM) enhance t h e  p r o b a b i l i t y  of  success .  I n c r e a s e d  
i n i t i a l  a x i a l  v e l o c i t y  (wi th in  s p e c i f i e d  r ange )  of  t h e  chase  
v e h i c l e  i s  e s p e c i a l l y  e f f e c t i v e .  F i n a l l y ,  a x i a l  t h r u s t i n g  
of t h e  chase  v e h i c l e  v i r t u a l l y  e n s u r e s  c a p t u r e .  
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INTRODUCTION 

The 

has  been run  

1 a n a l y t i c a l  docking s i m u l a t i o n  program, SDgCK, 

w i t h  c u r r e n t  AAP m a s s  p r o p e r t i e s  d a t a .  Some 
3 
L. 

minor changes have been i n c o r p o r a t e d  i n  t h e  b a s i c  program. 
S D ~ C K  now p r i n t s  o u t  r e l a t i v e  t r a n s l a t i o n a l  ve loc i t ies ,  a n g u l a r  
v e l o c i t y  and o f f s e t  ang le  of t h e  t a r g e t  and chase  vehicles  
j u s t  p r i o r  t o  a s u c c e s s f u l  dock. This  i n fo rma t ion  can be 
employed t o  o b t a i n  t h e  post-docking l o a d s  through t h e  probe 
head-drogue i n t e r f a c e .  Since SDgCK a l r e a d y  p r i n t s  o u t  pre-  
c a p t u r e  impact l o a d s ,  a complete load  h i s t o r y  o f  t h e  docking 
maneuver can be de r ived .  

VEHICLE PROPERTIES 

Mass p r o p e r t i e s  used i n  t h e  s i m u l a t i o n  were o b t a i n e d  
f r o m  Reference 2 and are l i s t e d  h e r e  f o r  convenience.  

CSM (Chase Veh ic l e )  Mass - 860 s l u g s  

SWS* (Ta rge t  Vehic le )  Mass - 4 0 6 0  s l u g s  

CSM Moment of  I n e r t i a  - 5 0 , 0 0 0  s l u g - f t .  

SWS Moment o f  I n e r t i a  - 2,200,000 s l u g - f t .  

2 

2 

A m a s s  c e n t e r  o f f s e t  o f  2 . 6  f t  i n  t h e  SWS w a s  used,  accoun t ing  
f o r  t h e  deployed ATM. F i n a l l y ,  a reduced v a l u e  f o r  c o e f f i c i e n t  
of r e s t i t u t i o n  w a s  used s i n c e  p rev ious  r e s u l t s  w e r e  f e l t  t o  be 
ove rconse rva t ive**  w i t h  r e s p e c t  t o  l o a d s  and performance. 

I N I T I A L  CONDITIONS 

The f i v e  parameters  r e q u i r e d  t o  s e t  i n i t i a l  c o n d i t i o n s  
are d e f i n e d  and i l l u s t r a t e d  i n  F igu re  1. The array of cases 
covered  i n  t h e  runs  i s  de f ined  as fo l lows :  

*Saturn  Workshop 
**Based on conve r sa t ions  w i t h  J. S c h l i e s i n g ,  MSC. 
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VA ( f t / sec)  = 0 . 2 ,  0 . 4 ,  0 . 6 ,  0 . 8 ,  1.0; 

VL ( f t / sec)  = 0 . 0 ,  kO.1, kO.3; 

w(deg/sec) = 0 . 0 ,  20.5; 

8 (deg)  = 0 . 0 ,  k5.0; 

d ( f t )  = 0.25, 0.50, 0.75 

Th i s  r e p r e s e n t s  a t o t a l  o f  675 sets o f  i n i t i a l  c o n d i t i o n s .  
A d d i t i o n a l l y ,  each set o f  i n i t i a l  c o n d i t i o n s  w a s  run  i n  t h e  
fo l lowing  modes: 

1) a t t i t u d e  c o n t r o l  w i thou t  CSM a x i a l  t h r u s t  

2 )  a t t i t u d e  c o n t r o l  wi th  CSM a x i a l  t h r u s t  

T h e r e f o r e ,  a t o t a l  of 1350 docking s i m u l a t i o n s  w e r e  run.  The 
number o f  i l l - d e f i n e d  cases ( n e g a t i v e  c l o s i n g  r a t e )  i s  36. 
Some a d d i t i o n a l  r u n s  were made t o  assess t h e  e f f e c t s  o f  ( i )  f u l l  
CSM a x i a l  t h r u s t  w i thou t  a t t i t u d e  c o n t r o l  s i n c e  command s h a r i n g  
o f  a t t i t u d e  c o n t r o l  j e t s  between a x i a l  t h r u s t i n g  and a t t i t u d e  
c o n t r o l  r educes  t o t a l  a x i a l  t h r u s t  avai lable  and,  (ii) i n i t i a l  
impact  be ing  towards or away from t h e  o f f s e t  SWS mass c e n t e r .  

RESULTS 

F i g u r e s  2 and 3 are  t h e  c a p t u r e  boundar i e s  d e r i v e d  
from t h e  runs .  Regions on t h e  ha tched  s i d e s  o f  t h e  c u r v e s  re- 
p r e s e n t  r e g i o n s  of no cap tu re  o r ,  a t  best, l o w  p r o b a b i l i t y  of  
c a p t u r e .  The most s i g n i f i c a n t  r e s u l t  i s  t h a t  g e n e r a l  c o n c l u s i o n s  
canno t  be drawn from s i m u l a t i o n s  made w i t h  s p e c i f i c  v e h i c l e s .  
V e h i c l e  c o n f i g u r a t i o n s  and  mass p r o p e r t i e s  can s t r o n g l y  i n f l u -  
ence  c a p t u r e  boundar ies  a s  may be  observed by comparing F igures  
2 and 3 i n  t h i s  memorandum w i t h  F i g u r e s  4 ,  5 ,  and 6 i n  Reference 
1. With r e s p e c t  t o  t h e  s p e c i f i c  c o n f i g u r a t i o n  under  s t u d y ,  
each  parameter  w i l l  be d e a l t  w i t h  i n d i v i d u a l l y .  

A. M i s s  D i s t ance .  d 

F igu re  2 i n d i c a t e s  c l e a r l y  t h a t  i n c r e a s i n g  m i s s  d i s -  
t a n c e  d e c r e a s e s  t h e  p r o b a b i l i t y  o f  s u c c e s s f u l  c a p t u r e .  Impact ing 
w i t h i n  0.25 f t  of t h e  drogue apex w i l l  almost ensu re  c a p t u r e ,  
regardless of o t h e r  c o n d i t i o n s .  A m i s s  d i s t a n c e  o f  0.75 f t  
seems t o  deny c a p t u r e  i n  60% of t h e  docking parameter  envelope.  

B. Angular O f f s e t ,  8 

I n  t h i s  case, angu la r  o f f s e t  w i t h i n  k5.0' d i d  n o t  
s e e m  t o  have any pronounced e f fec t .  It  appea r s  t h a t  t h e  s l i g h t  
advantage  is  t o  t h e  ze ro  o f f s e t  a n g l e  c o n d i t i o n .  
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C. Angular R a t e ,  w 

The same comments made i n  paragraph  B app ly  h e r e .  
For -0.5 deg/sec<w<0.5 - -  deg/sec t h e  s l i g h t  advantage i s  w i t h  
t h e  z e r o  a n g u l a r  ra te  c o n d i t i o n .  

D. L a t e r a l  V e l o c i t y ,  vL 

A z e r o  l a t e r a l  v e l o c i t y  i s  most f a v o r a b l e .  The e f f e c t  
of  l a t e r a l  v e l o c i t y  d e c r e a s e s  w i t h  i n c r e a s i n g  a x i a l  v e l o c i t y .  

I n c r e a s i n g  a x i a l  v e l o c i t y  c l e a r l y  i n c r e a s e s  t h e  proba- 
b i l i t y  of  c a p t u r e .  For t h e  c o n f i g u r a t i o n  under s t u d y ,  t h e  
c o n d i t i o n  0 . 8  f t / s ecVALl .O  ft /sec appea r s  t o  ensu re  c a p t u r e  

f o r  t h e  range  of o t h e r  parameters  cons ide red .  

F. Ax ia l  Thrus t  

From Fig .  3 ,  it i s  c l e a r  t h a t  f o r  t h e  range of  para-  
meters cons ide red  i n  t h i s  repor t ,  a p p l i c a t i o n  of a x i a l  t h r u s t  
(mode 2 )  v i r t u a l l y  e n s u r e s  c a p t u r e .  

Based on t h e  r e s u l t s  of Paragraph F ,  it seemed unnecess- 
a r y  t o  run t h e  f u l l  s e t  of i n i t i a l  c o n d i t i o n s  f o r  a f u l l  a x i a l  
t h r u s t  (no a t t i t u d e  c o n t r o l )  mode. No s u b s t a n t i a l  improvement 
i n  t h i s  mode ove r  mode 2 w a s  a p p a r e n t  i n  t h e  few t e s t  r u n s  made; 
i ndeed ,  t h e r e  i s  n o t  much room f o r  improvement. F i n a l l y ,  t h e  
e f f e c t  
o f f s e t  
Impact 
are on 
o f  t h e  
are on 

of  t h e  i n i t i a l  impact p o i n t  r e l a t i v e  t o  t h e  m a s s  c e n t e r  
i s  n e g l i g i b l e  w i t h  r e s p e c t  t o  l o a d s  and performance. 
l o a d s  f o r  t h e  case where i n i t i a l  c o n t a c t  and mass c e n t e r  
t h e  same s i d e  of t h e  v e h i c l e  c e n t e r  l i n e  are w i t h i n  2.5% 
l o a d s  f o r  which i n i t i a l  c o n t a c t  and mass center o f f s e t  
o p p o s i t e  s i d e s  of  t h e  center l i n e .  

CONCLUSIONS 

P r o s p e c t s  f o r  s u c c e s s f u l  docking of t h e  p r e s e n t  AAP 
v e h i c l e s  appear  f a v o r a b l e  and i f  a l l  parameters  are w i t h i n  t o l e r -  
ance ,  c a p t u r e  can be v i r t u a l l y  ensured  by app ly ing  a x i a l  t h r u s t .  

Fu tu re  work on docking dynamics i n c l u d e s  development 
of complete docking load-time h i s t o r i e s  which can be a p p l i e d  t o  
t h e  f l e x i b l e  model of t h e  SWS be ing  developed by Bellcomm's 
S t r u c t u r a l  Dynamics Group. 

1 0  2 2-RJR-c f 
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